Abstract Currently, there is a growing interest in the use of non-Saccharomyces yeast to enhance the aromatic quality of wine, with pure or mixed cultures, as well as sequential inoculation. Volatile components of wines were closely related to their sensory quality. Hence, to study the evolution of volatile compounds during fermentation was of great interest. For this, sampling methods that did not alter the volume of fermentation media were the most suitable. This work reports the usefulness of headspace sorptive extraction as non-invasive method to monitor the changes in volatile compounds during fermentation. This method allowed monitoring of 141 compounds throughout the process of fermentation by Saccharomyces cerevisiae and Lachancea thermotolerans strains. Both strains showed a similar ability to ferment a must with high sugar content. The S. cerevisiae strain produced higher amount of volatile compounds especially esters that constitutes fruity aroma than L. thermotorelans.
Introduction
Wine is a complex solution containing abundant volatile compounds which contribute to wine aroma (Boss et al. 2015) . These aromatic components of wine are closely related to its sensory quality, which is determined by the consumer's acceptability (Vilanova 2006) . Compounds that constitute the volatile profile of wine have different origins. Primary aromas are grape-derived volatiles that pass through fermentation often unchanged, and are largely responsible for ''varietal'' aromas. Secondary aromas, which are by far the greatest pool of volatile molecules, are produced through the winemaking process, the great majority produced by yeast as metabolism by-products (Robinson et al. 2014) . Tertiary aromas develop in finished wine through storage and maturation, and result from intermolecular chemical interactions and equilibrium effects as the wine matrix changes (Boss et al. 2015) . Therefore, volatile profile of wine depends on primary the quality and variety of grape employed, fermentation process (yeast, temperature…) and maturation (in bottle or wood barrel), if it takes place.
One of the most important factors in the alcoholic fermentation process is the yeast strain involved. The choice of yeast strain is also a determinant of the final concentration of these volatile compounds (Callejón et al. 2010) . For this reason, one of the new yeast selection criteria that have emerged is the appropriate enhancement of aroma via the production of volatile compounds such as esters and Electronic supplementary material The online version of this article (doi:10.1007/s13197-017-2499-6) contains supplementary material, which is available to authorized users.
higher alcohols, along with the scant production of offflavours (Suárez-Lepe and Morata 2012).
Some authors call ''yeast bouquet'' to the set of volatile compounds produced by yeast as secondary metabolites. Among them there are ethyl esters, acetate esters, fusel alcohols, carbonyls, and volatile fatty acids synthesized by a wide range of microbial species (Cordente et al. 2012) .
It is well known that in the fermentation of grape must there is a sequential development of Saccharomyces and non-Saccharomyces species (Renault et al. 2015) . The conditions of alcoholic fermentation favour the development of Saccharomyces cerevisiae, being these yeasts predominant during the latter stages of fermentation. Moreover, because non-Sacharomyces has been related to negative aromatic notes and off-flavour in wines (Benito et al. 2015) , to ensure proper development of the alcoholic fermentation, winemakers commonly inoculate the grape must with Saccharomyces commercial strains.
Currently, conversely, different research have revealed that certain non-Saccharomyces yeasts can enhance the aroma and improve the wine quality (Benito et al. 2015; Gobbi et al. 2013; Jolly et al. 2014; Renault et al. 2015) . This has led to a new perspective on the use of non-Saccharomyces strains in winemaking.
To perform an exhaustive study of volatile compounds, these have to be analysed by gas chromatography-mass spectrometry which requires a previous sample extraction process. Presently, the most extensively used extraction technique for volatile compounds in wines is the solid phase microextraction (SPME) (Boss et al. 2015; Renault et al. 2015) . The other extraction technique that has showed successful results in volatile profile analysis of wine is stir bar sorptive extraction (SBSE). Although, it has been used in lesser extent, it has major extraction capacity (Lancas et al. 2009 ). In wine analysis, the device with the polymeric extraction phase has been used in immersion, SBSE (Martinez-Gil et al. 2013) , as well as in headspace, named headspace sorptive extraction (HSSE) (Callejón et al. 2010 ) with satisfactory results.
The study of the changes of volatile compounds produced in alcoholic fermentation are performed primarily in two ways, analysing samples at the end of process (Romano et al. 2015; Synos et al. 2015) or sampling at different stages of fermentation (Concejero et al. 2016 ). The former is the most widely used. However, and to our understanding, the possibility of studying the evolution of volatile compounds during fermentation, using sampling methods that not alter the volume of fermentation media, is of great interest. In spite of this, non-invasive methods to monitoring the evolution of volatile profile during must fermentation or wine maturation have been seldom used.
Among them, we can mention the recent monitoring study of fermentative aromas produced by evolved Saccharomyces cerevisiae strain (pilot scale) using an on-line gas chromatography (GC) special device in the headspace (HS) (Mouret et al. 2015) . Callejón et al. (2012) monitored the effects of skin contact time on the partitioning, release, and formation of volatile compounds during fermentation of Cabernet Sauvignon grapes (laboratory scale), using a polydimethylsiloxane (PDMS) SPME fiber in HS. Silva Ferreira et al. (2014) carried out a study of the changes of volatile profile at microscale fermentation (5 mL) in fermentation media with different sources of assimilable nitrogen using again HS-SPME.
This work had two aims; one of them was to test the use of HSSE as non-invasive method to monitor online the volatile compounds changes during fermentation. The other one was to study the influence of two types of yeast, Saccharomyces cerevisiae and Lachancea thermotolerans, on volatile profile throughout fermentation of a must with high sugar content.
Materials and methods

Yeast strains and media
Two different autochthonous yeast strains belonging to the collection housed in the Area de Edafología y Química Agricola (Univesity of Seville) were used for the fermentation assays. One corresponding to a Saccharomyces cerevisiae strain (coded as G263), and the other one to a Lachancea thermotolerans strain (coded as G234). Both of them were isolated from previous laboratory-scale fermentations with sun-dried Pedro Ximénez grape must and were identified at species level by PCR-RFLP of the 5.8S ribosomal region as described by Guillamón et al. (1998) . Identification was corroborated by sequencing the D1/D2 variable domains of 26S rRNA gene according to Clavijo et al. (2011) . In addition, isolates of S. cerevisiae were characterized at strain level by mitochondrial DNA restriction analysis following Querol et al. (1992) . Yeast strains G234 and G263 were selected in order to their ability to ferment high sugar content grape must which was previously tested in laboratory assays.
Grape must for fermentation assays was kindly provided by local winery (Montalbán, Córdoba, Spain). It was obtained from sun-dried grapes of the ''Pedro Ximénez'' variety during 2014 vintage. Physical and chemical must parameters were the following: pH 4.51 ± 0.02, total acidity (g/L tartaric acid) 4.3 ± 0.1, and reducing sugar content 487 ± 20 g/L.
Fermentation assays
Duplicate fermentations were carried out under static conditions at 22°C in 500 mL Erlenmeyer flasks containing 350 mL of sun-dried Pedro Ximénez must, previously pasteurized by 20 min heating at 100°C. Erlenmeyer flasks were inoculated at a density of approximately 5.5 9 10 6 cell/mL from 48 h pure yeast cultures that were grown in the same grape must. Fermentation progress was monitored through measuring of turbidity at optical density of 660 nm (OD 660 ), using a spectrophotometer Beckman DU 640, and sugar consumption control. Data of cell per millilitre was determined using polynomial function previously calculated, which relates OD 660 values to cell/mL. Residual fermentable sugars were determined according to Rebelein procedure involving reaction of reducing sugars with copper(II) in alkaline solution (MAPA 1993) . For this purpose, aliquot samples were taken from each flask, after extraction of volatile compounds, throughout the fermentation process. End of the fermentation was established when no sugar consumption was detected.
Online extraction of volatile compounds
The online sampling procedure was performed in headspace by PDMS Twisters (HSSE). A special device made of stainless wire was designed to maintain the Twister in the headspace, in the centre of the Erlenmeyer flask at 2.5 cm above the liquid surface.
Twister was exposed to headspace of must during 2 h at 22°C of temperature (fermentation temperature). The extraction time was established in previous assays. After extraction, the stir bar was removed with tweezers and introduced in a 2 mL vial to be transported to the analysis laboratory where they were thermally desorbed in a gas chromatograph/mass spectrometer (GC/MS). The stainless wire devices, the tweezers and the vials to transport Twister were autoclaved to avoid contamination of flasks. Moreover, the insertion of Twisters into the flasks and their removal were performed in a laminal flow chamber.
A total of six extractions were accomplished for each replicate of the fermentation assay as follows: before inoculation (MT0), every 24 h after inoculation (T24, T48 and T72) and at 144 and 192 h after inoculation (T144 and T192, respectively).
Thermal desorption and GC conditions
Gas chromatography analysis was carried out using a 6890 Agilent GC system coupled to a quadrupole mass spectrometer Agilent 5975 inert and was equipped with a thermo desorption system (TDS2) and a cryo-focusing CIS-4 PTV injector (Gerstel). The thermal desorption was performed in splitless mode with a flow rate of 70 mL/min. The desorption temperature program was the following: the temperature was held at 35°C for 0.1 min, was ramped at 60°C/min to 210°C and held for 5 min. The temperature of the CIS-4 PTV injector, with a Tenax TA inlet liner, was held at -35°C using liquid nitrogen for the total desorption time and was then raised at 10°C/s to 260°C and held for 4 min. The solvent vent mode was used to transfer the sample to the analytical column. A CPWax-57CB column with dimensions 50 m 9 0.25 mm and a 0.20 lm film thickness (Varian, Middelburg, Netherlands) was used, and the carrier gas was He at a flow rate of 1 mL/min. The oven temperature program was the following: the temperature was 35°C for 4 min and was then raised to 220°C at 2.5°C/min (held 15 min). The quadrupole, source and transfer line temperatures were maintained at 150, 230 and 280°C, respectively. The electron ionization mass spectra in the full-scan mode were recorded at 70 eV with the electron energy in the range of 29-300 amu.
Compound identification was based on mass spectra matching using the standard NIST 98 library and the retention index (LRI) of authentic reference standards.
Statistical analyses
One-way ANOVA was performed to evaluate significant differences among yeast strains and among different sampling points for each strain (significance levels p \ 0.05). A principal component analysis (PCA) was carried out as an unsupervised method in order to ascertain the degree of differentiation between samples and which compounds were involved. ANOVA and PCA were performed using the Statistica (version 7.0) software package (Statsoft, Tulsa, USA).
Results and discussion
Fermentation kinetics and sugar consumption Fermentations progress was monitored by measuring changes in OD 660 and sugar consumption. In relation to yeast population, despite the fact that both yeasts strains were inoculated to reach the same final population, statistically significant differences were observed between S. cerevisiae G263 and L. thermotolerans G234 strain population during the fermentation process (Table 1) . L. thermotolerans showed significant higher population than S. cerevisiae strain. In both strains, number of cells per mL significantly increased during the first 72 h of the assay, to keep more or less constant from T144 sampling point onwards.
Traditionally, non-Saccharomyces yeasts were described as weaker fermentative and less ethanol tolerant than S. cerevisiae strains (Fleet and Heard 1993) ; the latter together with added SO 2 toxicity contribute to explain their early disappearance during the fermentation. Recently, Jolly et al. (2014) have reviewed other effects to explain this, as the low oxygen level, especially for L. thermotolerans.
Regarding sugar consumption, due to the high initial sugar content of the must, none of the strains was able to consume total fermentable sugars (Table 1) . No statistically significant differences in sugar consumption between both strains was observed until the last sampling point (T192); however L. thermotolerans exhibited a slightly faster sugar consumption than S. cerevisiae during first 72 h. Finally, percentage of sugar consumption by S. cerevisiae was 32.7%. This was in agreement with results reported by López de Lerma et al. (2012) for Saccharomyces strains in partially fermented Pedro Ximénez sundried grape musts. For the non-Saccharomyces strain sugar consumption was slightly lower (30.9%).
In this context, it should be taken into account that L. thermotolerans was isolated during the partial fermentation of sun-dried high sugar content Pedro Ximénez grape must, and afterwards tested for its ability to ferment high sugar content media with successful results. Thus, we consider that its high adaptation at such specific media, gave this autochthonous strain a competitive edge, as already described by Cray et al. (2013) for other indigenous nonSaccharomyces strains.
Production of volatile compounds during fermentation assays HSSE-PDMS extraction method was observed to be useful for determining volatile composition in different foodstuffs. In this work, HSSE-PDMS non-invasive method was observed to be adequate for monitoring the changes of volatile compounds during the alcoholic fermentation. With this technique, the evolution of 141 volatile compounds throughout alcoholic fermentations could be monitored. Eighty-four of them were positively identified and twenty-eight tentatively identified (TI) (Tables 2, 3 ).
The extraction method was highly reproducible, among the 11 extractions performed in duplicate only in 6 of them, RSDs next to 15% were obtained for just 12-16 volatile compounds, that is, 9-11% of compounds determined. These compounds were primary acids followed by ketones and aldehydes.
Regarding the volatile profile of the substrate stood out alcohols, ketones and aldehydes as chemical groups with high values of total peak area (Tables 2, 3 ). In comparison with the other sampling points, we observed that the substrate presented the lowest values of total peak area for alcohols, ethyl and acetic esters, and the highest for aldehydes and C13-norisoprenoids. Some compounds were only detected in the substrate such as cis-2-hexen-1-ol, several aldehydes, ethyl 2-methylbutyrate, 3-penten-2-one, trans-linalool oxide, a-calacorene (TI), guaiacol, whilst isoamyl and others esters were not detected in it. Figure 1 , which groups the compounds according to their chemical classes, shows clearly the change in volatile profile throughout fermentation processes studied. The primary change is the importance acquired by ethyl esters during fermentation carried out by Saccharomyces strain, which implied a decrease of the proportion of alcohols and acetates. Whereas fermentation carried out by L. thermotolerans strain did not reveal a pronounced increase in ethyl esters, for this reason, in this case, alcohols continued to be the group of compounds that contributed more to volatile profile. Moreover, the percentage of ketones decreased during both types of fermentations.
In general, the two strains used in this study provided different volatile profile. Thus, the higher numbers of compounds with peak area values significantly different between strains were observed in the last sampling points (T144 and T192), 83 and 78 respectively. For most of these compounds, the values were higher when fermentation was carried out by S. cerevisiae than L. thermotolerans. ID: reliability of identification: A, mass spectrum and LRI agreed with standards; B, mass spectrum agreed with mass spectral data base and LRI agreed with the literature data; C, mass spectrum agreed with mass spectral data base nd: peak not detected or lower than detection limit (a signal-to-noise ratio higher than or equal to 3); nq: lower than quantification limit (a signal-to-noise ratio higher than or equal to 10) ID: reliability of identification: A, mass spectrum and LRI agreed with standards; B, mass spectrum agreed with mass spectral data base and LRI agreed with the literature data; C, mass spectrum agreed with mass spectral data base nd: peak not detected or lower than detection limit (a signal-to-noise ratio higher than or equal to 3); nq: lower than quantification limit (a signalto-noise ratio higher than or equal to 10) a There is significant different (p \ 0.05) with previous sample b There is significant different (p \ 0.05) with substrate, only for samples from 48 to 192 h c Value of peak area and sd have been divided per 1000
d Value of peak area and sd have been divided per 100,000
e Variable highly correlated with substrate and T24 (non-Saccharomyces and Saccharomyces)
f Variable highly correlated with samples from T48 to T192 Saccharomyces
Acetals
The total content of acetals increased along fermentation. This increase was higher for S. cerevisiae than L. thermotolerans strain, reaching significant different values at 48 h after inoculation. Three different acetals were determined. Acetaldehyde diethyl acetal and acetaldehyde ethyl amyl acetal increased in both fermentation processes reaching to maximum area values at 144 h after inoculation. Saccharomyces strain produced considerable increased being the highest amount for the first compound four times than that produced by the other strain at the final sampling point. On the other hand, an opposite trend between both strains was observed for 2,4,5-trimethyl-1,3-dioxolane that decreased with the use of non-Saccharomyces strain and increased with the Saccharomyces one.
Acids
Regarding acids, after 192 h of fermentation the overall balance was increased for of acidity for wines produced by Saccharomyces strain and a decrease for wines produced by non-Saccharomyces. Although these compounds have unpleasant aromas (Beckner et al. 2015) , they are precursors of esters which provided fruity aromas to wines. Saerens et al. (2006) verified that the addition of hexanoic or octanoic acid to the fermentation medium caused a strong increase in the formation of the corresponding ethyl ester.
The evolution of each acid throughout fermentation was very different among compounds and between strains. Pentanoic acid clearly diminished in both cases. However, contrary trends between strains were observed specially for octanoic, decanoic and hexanoic acids. In the case of Saccharomyces strain, the highest increase was for octanoic acid. Similar results were reported by Gobbi et al. (2013) and Beckner et al. (2015) , who found higher volatile acidity and total amount of carboxylic acids in wines produced by S. cerevisiae than those by L. thermotolerans.
Peak area Hours
Alcohols
During fermentation, an increase in alcohols was observed. As expected, the alcohol that underwent the highest augmentation was ethanol, with the most important change between 24 and 48 h. The use of non-Saccharomyces yeast to produce wine with reduced alcohol content was reported earlier (Contreras et al. 2015; Quiros et al. 2014) . Gobbi et al. (2013) reported that L. thermotolerans as little ethanol producers. However, in our study the same rate of ethanol production for both yeasts was observed and there were no significant differences between any of the stage analysed between strains. This agreed with the above stated relation of sugar consumption and the origin of both autochthonous yeast which were isolated during the spontaneous fermentation of sun-dried grape must and, thus, have developed a great adaptation to high osmotic pressure media. In addition to ethanol, among 23 alcohols determined, other 6 alcohols increased, standing out 3-methyl-1-butanol and 2-phenyletanol. Most of these were higher alcohols which were produced by yeast involving degradation of an amino via the Ehrlich pathway (Ugliano and Henschke 2009) .
The alcohol global augmentation were significantly higher when the fermentation was carried out by nonSaccharomyces strain (significant different at T144 and T192). It seemed to be due to the higher increase of 3-methyl-1-butanol in this process. Moreover, some authors have reported higher production of 2-phenyletanol by L. thermotolerans (Gobby et al. 2013) , in our case, it was observed in last fermentation stages (6 and 8 days), where the peak areas were two time higher in wine produced by aforesaid strain.
On the contrary, some alcohols decreased, especially, 1-hexenol and 1-octen-3-ol. The decrease was more pronounced between 24 and 48 h.
Aldehydes
Regarding total sum of aldehydes, the values followed a similar trend in both types of fermentations, decreasing significantly until 48 h.
Most aldehydes reached relative peak area under detection limits at 24 h from inoculation. Only furanic aldehydes, cinnamaldehyde and benzaldehyde presented quantifiable values at all sampling points throughout the fermentation process.
Acetic esters
The acetic esters are compounds where the acyl group is derived from acetate (in the form of acetyl-CoA), and the alcohol group is ethanol or a complex alcohol (Cordente et al. 2012) . During alcoholic fermentation, these are synthesised by different alcohol acetyltransferases (Ugliano and Henschke 2009) .
In present study, these compounds increased especially during fermentation by Saccaromyces strain. The changes were significant until 72 h from inoculation, after that, a decrease was observed. Non-Saccharomyces strain showed less pronounced increase which continued until the sampling point of 144 h, thus a good correlation between relative area values and the time was observed (0.949). Overall, acetic esters content in all the stages were significant higher for Saccharomyces strain. The difference observed between strains may be probably due to the high values of relative area accounted for compounds such as hexyl and 2-phenylethanol acetate and to the six acetic esters that were formed by Saccharomyces strain only. Among all the acetic esters determined, the highest increase was accounted by isoamyl acetate for both strains, the most relevant acetates of the wines.
Most acetic esters have pleasant fruity and flower aromas (Lilly et al. 2006) , however, ethyl acetate provides solvent and glue odour (Callejón et al. 2008 ). This compound presented area values significantly higher after 144 and 192 h of fermentation by L. thermotolerans, as observed by Gobbi et al. (2013) . Although non-Sacharomyces strain produced higher amount of 2-phenylethanol (approximately two-fold), the values of the corresponding acetate reached area values 20 times higher in wines obtained by Saccharomyces at the final stages of alcoholic fermentation.
Ethyl esters
Ethyl esters are formed by ethanol and an acyl group derived from activated medium-chain fatty acids (Cordente et al. 2012) . During Saccharomyces cerevisiae fermentation, the formation of the ethyl esters has been attributed to two acyl-CoA:ethanol O-acyltransferase enzymes (Saerens et al. 2008 ).
As mentioned above, the primary difference between the two yeast strains studied was the different rate of production of ethyl esters. After 48 h from inoculation, the values of total area of ethyl esters were significantly higher for Saccharomyces strain, being more than 15 times higher at the two last sampling points (T144 and T192). Beckner et al. (2015) also observed a considerable difference between the amount of ethyl esters produced by Sacharomyces and Lachancea yeast strains.
Thus, it led us to think that S. cerevisiae probably produced more amount of ethanol than L. thermotolerans but it was in form of ethyl ester, so that no differences were observed in ethanol production between strains.
Moreover, the evolution of these values was different for both yeast strains, during alcoholic fermentation by Lachancea strain a significant increase was observed until 48 h from inoculation. However, Saccharomyces cerevisiae produced ethyl esters continuously throughout the fermentation, for that, the correlation coefficient between total area of ethyl esters and the fermentation time was 0.954. The increase observed between each sampling point were statistically significant. Thus, the values of peak area were higher for Sacharomyces yeast for the most of these compounds except to ethyl propanoate or ethyl 2-methylpropanoate.
During alcoholic fermentation carried out by S. cerevisiae, the highest increase was observed for ethyl octanoate and ethyl decanoate. Other remarkable increments were observed for ethyl hexanoate, ethyl dodecanoate and ethyl 9-decanoate.
In the case of L. thermotolerans, the ethyl decanoate was the ester that showed a greater increase during the fermentation, but in a much lesser extent than in fermentation by S. cerevisiae.
Since most of determined esters in this study have fruity aromas, probably wines produced using Saccharomyces strain may have more fruity aroma than those produced with Lachancea strain.
Others esters
In this study, we have also determined others esters formed by alcohols such as methanol, isoamyl alcohol, propanol and isobutanol, previously reported in wines (Beckner et al. 2015; Suklje et al. 2016) . Different behaviour with respect to these compounds was also observed between both yeast strains tested. The total areas of these esters were significantly higher for S. cerevisiae than for L. thermotolerans in all sampling points from 48 h. On the contrary, isoamyl esters did not increase to a greater extent during fermentation carried out by Lachancea, methyl esters became non detectable in most of cases and, the only isobutyl ester determined was isobutyl decanoate.
Within this group of esters, S. cerevisiae caused the most considerable increase in isoamyl esters, being the total areas changed significant from 48 to 144 h. Moreover, for S. cerevisiae, the formation of esters derived from octanoic acid was more clearly over the others (isoamyl, methyl, propyl and isobutyl octanoate).
Ketones, lactones, C 13 -norisoprenoids and terpenes
Most of compounds included in this section came from the grapes (Ribéreau-Gayon et al. 2006) . They may be present as glycosylated flavourless precursors, such as terpenes and (Comitini et al. 2011) seemed to have glycosidase activity.
In our assays, the overall changes in total areas of these groups of compounds were significantly decreased between initial and final values (192 h). The evolution of total area for each group was fluctuating for both strains and only a similar trend was observed for terpenes (Fig. 2) .
Despite the downward trend of terpenes, we observed that three of them, roseoxide, 3,7-dimethyl-6-octen-1-ol and nerolidol, increased using both yeasts. The first one especially in the case of L. thermotolerans and the last two when fermentations was carried out by S. cerevisae.
Volatile phenols
Regarding volatile phenols, the behaviour of these strains was also different, especially for 4-vinylguaiacol. This compound increased significantly from 48 h onwards when alcoholic fermentation was carried out by Saccharomyces. This yeast can synthesize 4-vinylguicacol during fermentation (Coghe et al. 2004 ).
Principal component analysis
Principal component analysis (PCA) was applied to data. The first three principal components explained 81.76% of cumulative variance. Figure 3 shows how the samples are separated into the plan formed by two first components. In this Figure, it can clearly be seen that the differences in volatile profile of samples produced by the two yeasts are considerably different from 48 h of inoculation. Thus, the initial and at 24 h samples for S. cerevisiae as well as for L. thermotolerans are together in the same quadrant (second one). The PC1 separates these samples from the rest of those obtained using S. cerevisiae, placed all in the third quadrant. Finally, the samples belonging to fermentations carried out by L. thermotolerans, from 48 to 192 h, are separated from S. cerevisiae by PC2. Table 2 showed the variables that are more correlated with these three groups according to their loadings. For instance, initial samples are correlated with most of aldehydes, terpenes and ketones and samples from Saccharomyces fermentations with most of acids and all kind of esters. Moreover, the variables that contributed more to the two first components with their loading values are shown in Table 4 .
Conclusions
HSSE method allows for monitoring a large number of compounds throughout fermentation. Thus, these results point out the HSSE as useful non-invasive method to study the evolution of volatile compounds during fermentation processes. It could be used to establish the optimal point to stop the fermentation according to volatile profile and moreover, it could be very useful to study the aroma evolution in co-inoculation assays and sequential inoculation, which are of great interest currently. In this study, considerable changes in volatile compounds were observed from substrate to final sampling point. The two strains used had a similar capacity to ferment a must with high sugar content. However, they resulted into the wines with different aroma. S. cerevisiae produced higher amount of volatile compounds than L. thermotorelans. Moreover, wines produced by S. cerevisiae strain were richer in esters imparted fruity aroma. This showed that this strain could produce wines with better aromatic and volatile profile than those produced by nonSaccharomyces strain.
